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Figure 1. Neutrophil depletion reduces disease severity after HSV-2 vaginal infection. Female C57BL/6J mice were treated with depot
medroxyprogestrone (DMPA) and inoculated intravaginally (ivag) with 5000 plaque forming units (PFU) of herpes simplex virus-2 (HSV-2). One day prior
to HSV-2 inoculation, mice were injected intraperitoneally (i.p.) with 500 mg of rat IgG2a isotype control or anti-Ly6G monoclonal antibody (mAb). (A)
Plots show gating strategy to identify neutrophils in the vagina. Numbers in plots refer to percent of parent population for gated cells (d0, d2: n = 6,
d2: n = 9, d6 isotype: n = 8, d6 anti-Ly6G: n = 10). Depletion was confirmed by flow cytometry in the vagina on the indicated days. (B) Inflammation
scores over the first 7 d.p.i. of mice treated with anti-Ly6G antibody (n = 25) or isotype control (n = 23). Mice showed no signs of disease prior to 4 d.p.
i. (C) Histology of the vagina (top) or genital skin (bottom) at 6 d.p.i. from isotype control (left) or anti-Ly6G antibody-treated mice (right). Red arrows
point to areas of epithelial denuding or damage, black arrows denote the basement membrane. (D) Infectious virus as measured by plaque assay in
vaginal washes collected daily (both groups d1: n = 22, d2: n = 28, d3: n = 15, d4: n = 16, d5: n = 19, d6: n = 6, d7: n = 8). (E) Viral load was measured
in homogenized vaginal tissue collected at 7 d.p.i. from the indicated groups (n = 8). Data in A and E are pooled from two independent experiments,
and data in B and D are pooled from two to four independent experiments. Data in C is representative of two independent experiments. Bars in B
show median with interquartile range. Horizontal bars in A, D, and E show mean. Scale bars show 50 mm. Statistical analysis was performed by two-way
ANOVA on log-transformed data with Bonferroni’s multiple comparisons test (A), repeated measures two-way ANOVA with Geisser-Greenhouse
correction and Bonferroni’s multiple comparisons test (B) repeated measures two-way ANOVA with Bonferroni’s multiple comparison’s test (D) or
Mann-Whitney test (E). *p<0.05, **p<0.01, ***p<0.005, ****p<0.001. Raw values for each biological replicate, epsilon values, and specific p values are
provided in Figure 1—source data 1.
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Figure 1—figure supplement 1. Depletion of
neutrophils in the blood after anti-Ly6G mAb
treatment. Female C57BL/6J mice were treated with
isotype control or anti-Ly6G mAb and infected as
described in Figure 1. The percentage of neutrophils
per total live leukocytes in the blood was measured at
the indicated days post-infection. Data is pooled from
two independent experiments (d0: n = 9, d2: n = 2, d4,
d6: n = 6). Statistical significance was measured by two-
way ANOVA with Bonferroni’s multiple comparisons
test. *p<0.05, ****p<0.0001. Raw values for each
biological replicate and specific p values are provided
in Figure 1—source data 2.
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Figure 1—figure supplement 2. Neutrophil depletion does not affect magnitude of the immune cell response
after HSV-2 infection. Mice were infected and treated as described in Figure 1. (A) Representative flow plots
showing gating strategy for the indicated subsets. On the indicated d.p.i., immune cell infiltrates were measured
in the vagina by flow cytometry. Ly6C + CD11b + monocytes (B), CD3-NK1.1+ NK cells (C), CD3 +CD4+ T cells
(D), and CD3 +CD8+ T cells (E) were enumerated in perfused tissue. (B, C) Isotype controls: n = 6–9, anti-Ly6G:
n = 6–10. (D, E) Isotype controls: n = 3–8, anti-Ly6G: n = 3–9. All data are pooled from two independent
experiments. Horizontal bars show mean. Statistical analysis was performed by two-way ANOVA with Bonferroni’s
multiple comparisons test. All comparisons were not significant. Raw values for each biological replicate and
specific p values are provided in Figure 1—source data 2.
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Figure 1—figure supplement 3. PAD4 is not required for development of genital inflammation during HSV-2 infection. (A) Neutrophils were isolated
from the bone marrow of naive C57BL/6 female mice and stimulated with heat-killed HSV-2 at a multiplicity of infection (MOI) of 1 for 4 hr (bottom row)
or left unstimulated (top row). NETs are identified by areas of diffuse 40,6-diamidino-2-phenylindole (DAPI) staining (blue) that overlap with citrullinated
histone H3 (green). Data are representative of two independent experiments. (B-C) Padi4fl/fl x S100a8-Cre (PAD4 CKO) or Cre- littermate controls were
infected with HSV-2 as described in Figure 1. Inflammation scores were monitored for 7 d.p.i. (Ctrl: n = 10, KO: n = 9) (B), and infectious virus was
measured by plaque assay in vaginal washes collected on the indicated d.p.i. (Ctrl: n = 8, CKO: n = 8) (C). Data in (B-C) are pooled from two
independent experiments. Statistical significance was analyzed by repeated measures two-way ANOVA with (B) or without (C) Geisser-Greenhouse
correction and Bonferroni’s multiple comparisons test; all comparisons were not significant. Raw values for each biological replicate, epsilon values, and
specific p values are provided in Figure 1—source data 2.
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Figure 1—figure supplement 4. ROS production and STIM1/STIM2 expression in neutrophils are not required for genital inflammation after HSV-2
infection. (A) Neutrophils were isolated from the bone marrow using a Histopaque gradient and stimulated with heat-killedHSV-2 at an MOI of 5 for 16
hr (n = 4) of left unstimulated (n = 4) and then incubated with DCFDA. Plots show gating for leukocytes (left) and CD11b + Ly6G + neutrophils (middle).
DCFDA fluorescence was measured by flow cytometry in unstimulated (shaded histogram) or HSV-2 stimulated (open histogram) neutrophils. Graph
shows mean fluorescence intensity (MFI) of DCFDA (reactive oxygen species [ROS]). Ncf2 KO (n = 10) or littermate controls (n = 8) (B–C) or Stim1fl/fl x
Stim2
fl/fl x S100a8-Cre (STIM1/STIM2 DKO) (n = 4) or littermate controls (n = 5) (D–E) were infected as described in Figure 1. Mice were monitored for
genital inflammation for 1 week after infection (B, D). Infectious virus was measured by plaque assay in vaginal washes collected on the indicated days
(C, E). Bars in A show mean with SD. Bars in B and D show median with interquartile range. Bars in C and E show mean. Data in A-C are pooled from
two independent experiments; data in D-E were performed once. Statistical significance was analyzed by unpaired Student’s t-test (A), repeated
measures two-way ANOVA with (B, D) or without (C, E) Geisser-Greenhouse correction and Bonferroni’s multiple comparisons test, *p<0.05.
Comparisons in B-E were not significant. Raw values for each biological replicate, epsilon values, and specific p values are provided in Figure 1—
source data 2.
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Figure 2. Neutrophils are non-pathogenic in a less inflammatory model of vaginal HSV-1 infection. Female C57BL/6J mice were treated with DMPA and
inoculated ivag with 104 PFU HSV-1 McKrae or HSV-2. (A) Inflammation scores were monitored for 7 d.p.i. (HSV-1: n = 14, HSV-2: n = 13). (B)
Neutrophils were counted by flow cytometry in vaginal tissues at the indicated days after HSV-1 or HSV-2 infection (d0: n = 7, day 2: n = 8, day 4: n = 7,
day 6: n = 8). (C) Vaginas were harvested from phosphate buffered saline (PBS)-inoculated (mock), HSV-1- or HSV-2-inoculated mice at 4 d.p.i., and
tissue sections were probed with antibodies against HSV proteins (green) or S100A8 (red). 40,6-diamidino-2-phenylindole (DAPI) (blue) was used
to detect cell nuclei. Images are representative of six mice per group. (D) Mice were treated with isotype control or anti-Ly6G mAb as described in
Figure 1 and then inoculated ivag with 104 PFU HSV-1 McKrae. Inflammation scores were monitored for 7 d.p.i. (isotype, anti-Ly6G mAb: n = 10). Data
are pooled from three (A) or two (B–D) independent experiments. Data in C is representative of two independent experiments. Bars show median with
interquartile range (A, D) or mean (B). Scale bars show 50 mm. Statistical significance was measured by repeated measures two-way ANOVA with
Geisser-Greenhouse correction and Bonferroni’s multiple comparisons test (A, D) or two-way ANOVA with Bonferroni’s multiple comparisons test (B).
*p<0.05, ****p<0.001, ns = not significant. Raw values for each biological replicate, epsilon values, and specific p values are provided in Figure 2—
source data 1.
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Figure 2—figure supplement 1. Neutrophil depletion prior to HSV-1 genital infection has minimal impact on viral control. (A) C57BL/6J females were
infected ivag with HSV-1 or HSV-2 as described in Figure 2. Viral titers were measured in vaginal washes collected at the indicated d.p.i. (HSV-1 d1, d2:
n = 23, d3: n = 17, d4: n = 18, d5: n = 19, d6: n = 21; HSV-2 d1, d3: n = 22, d2: n = 13, d4, d5: n = 19, d6: n = 13) (Lee et al., 2020). (B) C57BL/6J
females were treated with neutrophil-depleting antibodies as described in Figure 1 and infected ivag with 104 pPFU HSV-1 McKrae. Viral titers were
measured in vaginal washes collected at the indicated d.p.i. (Isotype d1, d2, d4, d5: n = 10, d3: n = 8; Anti-Ly6G d1: n = 9, d2, d4, d5: n = 10, d3:
n = 8). Bars show mean. Data are pooled from at least three (A) or two (B) independent experiments. Statistical significance was measured by repeated
measures two-way ANOVA on log-transformed values and Bonferroni’s multiple comparisons test (A, C) or Mann-Whitney test (B). *p<0.05. Raw values
for each biological replicate and specific p values are provided in Figure 2—figure supplement 1—source data 1.
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Figure 3. Single cell transcriptome analysis reveals a sustained IFN signature in the neutrophil response against HSV-2. Mice were infected as
described in Figure 2. Vaginas were harvested at 5 d.p.i., and live cells were flow sorted and subjected to high-throughput single-cell
RNA sequencing (scRNA-seq). (A) A t-Distributed Stochastic Neighbor Embedding (tSNE) visualization of 21,633 cells across all mice resolves 17 distinct
clusters in the vaginal tissue. Clusters can be identified as myeloid cells (red border), epithelial cells (blue border), or lymphocytes (purple border).
Neutrophils are encircled in black and contain three distinct clusters (0, 2, and 5). (B) Neutrophils are defined by high expression of S100a8 and Csf3r
(G-SCFR). (C) tSNE plots of vaginal cell clusters from mock-inoculated or HSV-infected mice. Neutrophil populations are circled in black. (D) Distribution
of expression for genes within the Hallmark IFNa Response gene set. (E) Production of IFNb in vaginal washes collected at 4 and 5 d.p.i. as measured
by ELISA (uninfected: n = 8, HSV-1: n = 9, HSV-2: n = 9). scRNA-seq in A-D was performed once. Data in E are pooled from two independent
experiments. Statistical significance was measured by one-way ANOVA with Tukey’s multiple comparisons test. *p<0.05, **p<0.01, ***p<0.005. Raw
values for each biological replicate, specific p values, and complete lists of differentially expressed genes between clusters 0, 2, and 5 are provided in
Figure 3—source data 1.
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Figure 3—figure supplement 1. ISGs are differentially expressed in neutrophils during HSV-1 and HSV-2 infection. The t-Distributed Stochastic
Neighbor Embedding (tSNE) plot shows clusters 5 and 2 within the neutrophil population. Tables show the top 20 differentially expressed genes in
cluster 2 (left) and cluster 5 (right) at 5 d.p.i. between HSV-2 and HSV-1 infection. Interferon-stimulated genes (ISGs) listed in the Hallmark IFNa
Response gene set are highlighted in gray. Complete lists of differentially expressed genes are provided in Figure 3—source data 2.
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Figure 3—figure supplement 2. Validation of ISG expression in the vagina. Expression of CXCL10 (A, B), Gbp2 (C, D), or IL-15 (E, F) in the vagina of
mock-inoculated mice or mice at 5 d.p.i. with HSV-1 or HSV-2. tSNE visualization of select ISG transcripts in live vaginal cells profiled by scRNA-seq (A,
C, E). Expression of the same ISGs relative to Rpl13 was measured by quantitative RT-PCR (qRT-PCR) in whole vaginal tissue harvested from mock-
inoculated mice (n = 3) or mice at 5 d.p.i. with HSV-1 (n = 9) or HSV-2 (n = 9) (B, D, F). Bars in B, D, and F show mean and SD. Data are pooled from
two independent experiments. Statistical significance was measured by one-way ANOVA with Tukey’s multiple comparisons test. ***p<0.005,
****p<0.001, ns = not significant. Raw values for each biological replicate and specific p values are provided in Figure 3—source data 2.
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Figure 3—figure supplement 3. Type I IFN is produced early in the vagina and resolves by 1 week after acute
HSV-1 or HSV-2 infection. C57BL/6J mice were infected as described in Figure 2. Type I IFN was measured by
ELISA in vaginal washes collected from uninfected mice (n = 8), or mice infected with HSV-1 (n = 7–9) or HSV-2
(n = 9) at 2 (A) and 7 d.p.i. (B). (C) IFNb was measured by ELISA from vaginal tissue homogenates collected at 7 d.
p.i. Bars show mean with SD. All data are pooled from two independent experiments. Statistical significance was
measured by one-way ANOVA with Tukey’s multiple comparisons test. *p<0.05, ***p<0.005. Raw values for each
biological replicate and specific p values are provided in Figure 3—source data 2.
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Figure 4. Inhibition of type I IFN signaling during the resolution phase of infection reduces inflammation after
HSV-2 infection. Mice were infected as described in Figure 2. At 4 d.p.i., mice were injected i.p. with either 1 mg
of anti-IFNAR1 antibody (n = 10–13) or isotype control (n = 7–9) and monitored for disease progression. Mice
showing overt signs of genital inflammation at the time of antibody injection (4 d.p.i.) were excluded from the
study. (A) Inflammation scores of antibody-treated mice over the first 7 d.p.i. (B) Histology of the vagina (top) or
genital skin (bottom) at 6 d.p.i. Red arrows point to areas of epithelial denuding or damage. Black areas denote
the basement membrane. (C) Infectious virus as measured by plaque assay in vaginal washes collected on the
indicated days. Data are pooled from (A, C) or representative of three independent experiments. Bars in A show
median with interquartile range; bars in C show mean. Scale bars show 50 mm. Statistical significance was
measured by repeated measures two-way ANOVA with Geisser-Greenhouse correction and Bonferroni’s multiple
comparisons test (A) or two-way ANOVA with Bonferroni’s multiple comparisons test (C). *p<0.05, **p<0.01,
***p<0.005, ns = not significant. Raw values for each biological replicate, epsilon values, and specific p values are
provided in Figure 4—source data 1.
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Figure 4—figure supplement 1. Early blockade of IFNAR1 leads to accelerated disease and loss of viral contol
after HSV-2 infection. C57BL/6J mice were infected as described in Figure 1. On the day of inoculation, mice were
injected i.p. with 1mg anti-IFNAR1 antibody (n=10) or an isotype control (n=7). (A) Inflammation scores of anti-
IFNAR antibody or isotype control treated mice for the first 7 d.p.i. (B) Survival of mice over the course of two
weeks. (C) Infectious virus as measured by plaque assay in vaginal washes collected at the indicated d.p.i. Bars in
A show median and interquartile range, bars in C show mean. Data are pooled from 3 independent experiments.
Statistical significance was measured by repeated measured two-way ANOVA with Geisser-Greenhouse correction
and Bonferroni’s multiple comparisons test (A), log-rank test (B) and mixed-effects analysis with Bonferroni’s
multiple comparisons test (C). *p<0.05, **p<0.01, ***p<0.005, ****p<0.001. Raw values for each biological
replicate, epsilon values and specific p values are provided in Figure 4—figure supplement 1—source data
1.
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Figure 5. Type I IFN signaling in neutrophils promotes genital inflammation after HSV-2 infection. (A) IFNAR1 expression on neutrophils and non-
neutrophil hematopoietic cells from the bone marrow of naive Ifnar1fl/fl x S100a8-Cre (IFNAR1 CKO) or Cre- littermate controls. Plot is gated on live
CD45 + cells. CD11b + Ly6G + cells are neutrophils, Ly6G- cells are non-neutrophils. Gray histogram shows isotype staining, black open histogram is
Cre- control, and red open histogram is IFNAR1 CKO. (B) Neutrophils were counted by flow cytometry in vaginal washes collected at the indicated days
from IFNAR1 CKO (n = 4) or Cre- controls (n = 7) that were infected with HSV-2 as described in Figure 1. (C) Inflammation scores for the first 7 d.p.i. of
IFNAR1 CKO (n = 10–13) or Cre- controls (n = 8–11). (D) Histology of the vagina and genital skin at 6 d.p.i. Red arrows point to areas of epithelial
denuding or damage, black arrows denote basement membrane (E) Infectious virus as measured by plaque assay from vaginal washes collected on the
indicated days from IFNAR1 CKO (n = 5–8) or Cre- controls (n = 7–10). Data in C and E are pooled from three independent experiments; data in B are
pooled from two independent experiments; and data in D are representative of two independent experiments. Bars in C show median with
interquartile range, bars in B and E show mean. Scale bars show 50 mm. Statistical significance was measured by mixed-effects analysis with (C) or
without (B, E) Geisser-Greenhouse correction and Bonferroni’s multiple comparisons test. *p<0.05, **p<0.01, ns = not significant. Raw values for each
biological replicate, epsilon values and specific p values are provided in Figure 5—source data 1.
Lebratti, Lim, et al. eLife 2021;10:e65762. DOI: https://doi.org/10.7554/eLife.65762 15 of 17








































































































































Figure 6. Sustained type I IFN signaling and neutrophils regulate pathogenic IL-18 levels in the vagina. C57BL/6 mice were treated with anti-Ly6G
(n = 11) or isotype control (n = 12) as described in Figure 1 (A), therapeutically treated with anti-IFNAR1 (n = 12) or isotype control (n = 14) as
described in Figure 5 (B) and infected with HSV-2, or IFNAR1 CKO (n = 7) and Cre- controls (n = 7) were infected with HSV-2 as described in Figure 5
(C). (A-C) Vaginal IL-18 levels were measured by ELISA in washes collected at 5 d.p.i. 100 mg of anti-IL-18 neutralizing antibody (n = 18) or isotype
control (n = 16) was administered ivag at 3, 4, and 5 d.p.i. (D) Inflammation scores of antibody-treated mice over the first 7 d.p.i. (E) Infectious virus as
measured by plaque assay in vaginal washes collected on the indicated days (n = 9–14). (F) Immunofluorescent staining of vaginal tissues collected at 6
d.p.i. or from mock-inoculated mice. Green shows S100A8 (neutrophil), red shows IL-18 or isotype, blue is DAPI. Top row shows HSV-2-infected tissue
probed with isotype control, and bottom two rows show representative images of tissues probed with anti-IL-18 antibody (middle = mock-infected,
bottom = HSV-2-infected). White arrows point to IL-18 + neutrophils. Yellow square demarcates area shown in the inset. Data in A-C, D, and E are
pooled from four independent experiments for each experimental setup. Data in F is representative of two independent experiments. Bars in A-C show
mean and SD, bars in D show median with interquartile range, and bars in E show mean. Scale bars show 50 mm. Statistical significance was measured
by unpaired t-test (A–C), repeated measures two-way ANOVA with (D) Geisser-Greenhouse correction and Bonferroni’s multiple comparisons test, or
mixed-effects analysis with Bonferroni’s multiple comparisons test (D). *p<0.05, ***p<0.005, ns = not significant. Raw values for each biological
replicate, epsilon values, and specific p values are provided in Figure 6—source data 1.
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Figure 6—figure supplement 1. Neutrophils do not control production of common pro-inflammatory and
antiviral cytokines during HSV-2 infection. Vaginal washes were collected at 5 d.p.i. from mice that were infected
and treated as described in Figure 1. IL-6 (A), IL-1b (B), TNF (C), IFNg (D) and IL-12p70 (E) were measured by
multiplexed Bioplex assay. Isotype controls: n=8, anti-Ly6G: n=9. All data are pooled from 2 independent
experiments. Statistical analysis was performed by unpaired t-test. ns = not significant. Raw values for each
biological replicate and specific p values are provided in Figure 6—figure supplement 1—source data 1.
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